Osorio, L; Todd, J; Bradley, DJ (2004) Abstract. Self-reported travel histories were used in a case-control study to determine whether movement of local residents to neighboring endemic areas was a risk factor for malaria in the town of Quibdo, Colombia. Multivariate analyses showed that among residents of Quibdo, traveling to an endemic area 8-14 days before disease onset was the strongest risk factor for both Plasmodium falciparum (adjusted odds ratio [OR] ‫ס‬ 28.96, 95% confidence interval [CI] ‫ס‬ 13.9-60.32) and P. vivax (adjusted OR ‫ס‬ 14.24, 95% CI ‫ס‬ 5.27-38.46) malaria. For P. falciparum, individuals who did not travel outside Quibdo during the 8-14 days before disease onset, but who reported traveling 1-7, 15-21, or 22-30 days before disease onset also had an increased risk of malaria. Conversely, use of protection against mosquitoes was negatively associated with P. falciparum. These results highlight the need for malaria control measures that target mobile populations. A definition of imported malaria that allows distinction of imported from autochthonous cases in Quibdo town is proposed.
INTRODUCTION
Population movement has long been recognized to contribute to the epidemiology of malaria. 1 It is particularly relevant to the epidemiology of urban malaria since, on one hand, urban centers usually offer employment and better living conditions, and therefore experience a high rate of immigration and circular migration from both endemic and non-endemic areas. On the other hand, malaria transmission in urban areas is generally lower than in rural areas, 2 and an increased risk of malaria has been observed among urban travelers on visiting rural areas [3] [4] [5] compared with those who did not travel. Nevertheless, chemoprophylaxis, or other individual protection measures are not systematically recommended in these circumstances, unlike the situation for short-term travelers from non-malarious countries to endemic countries. 6 Whether mobile populations should be targeted for malaria control measures is relevant to Colombia because population movement due to conflict and economic necessity may be one of the factors that have contributed to the disease burden. Urban transmission of malaria has been reported for many years in the Pacific Coast region, Department of Antioquia, and the Amazon-Orinoco River basins of Colombia. More recently, malaria has been reintroduced into urban areas in the central region, and on the Atlantic coast. Reintroduction of malaria into these municipalities was associated with the arrival of populations displaced from rural areas to peri-urban areas, and subsequent transmission to local residents. 7 Administratively, Colombia is divided into a capital district (Bogota) and 32 departments. Each department is divided into municipalities and these are subdivided into villages. The department of Choco is one of the most malarious areas, with annual parasite incidences 4-5 times the national average. Choco is located in northwestern Colombia, along the Pacific coast. The conditions for malaria transmission exist in all the municipalities in the department, with annual parasite incidences ranging from 1 to 90.5 microscopically confirmed cases/1,000 inhabitants in 1999. Malaria is mainly rural, but urban transmission is reported in eight towns in the department, among which Quibdo, the departmental capital, has the highest population (95,509 in 2002) (Choco Vector Borne Diseases Control Program, unpublished data). In the town of Quibdo, a total of 902 and 2,417 cases were diagnosed in 2000 and 2001, respectively (Choco Department of Health, unpublished data). These numbers include cases diagnosed in residents of rural areas and of other municipalities who may come to town in search of diagnosis and treatment, as well as local residents. Thus, malaria reported in Quibdo comprises both imported and autochthonous cases.
The magnitude of imported malaria and its contribution to the local malaria situation in Quibdo is unknown. Currently, malaria cases diagnosed in Quibdo are not classified according to the likely origin of infection. This prevents the malaria control program from accurately quantifying the incidence of malaria in the urban area, and identifying the neighborhoods that should be targeted for control measures.
In the present study, we investigated the risk factors for malaria in residents of Quibdo. We were particularly interested in the risk of traveling to endemic areas at different time periods, and the risk of malaria in local residents who do not travel in comparison with that of residents of areas outside the town. This information proved useful in highlighting the need for malaria control measures that target mobile populations. A definition of imported malaria that allows distinction of imported from autochthonous cases in Quibdo town is proposed.
METHODS
Study area. The town of Quibdo serves as a river port and commercial center of the region, and many people circulate between the rural and the urban areas. People from the rural areas come to the town in search of health services, education, and temporary jobs, while people from the urban area go to the countryside or neighboring municipalities to harvest rice, corn, or plantain, or for social activities. 8 In the last few years, people in Choco have been forced to move to other departments, but also to the town of Quibdo due to the worsening internal conflict. Malaria is reported throughout the year with peaks in the relatively drier months. Although vector densities are relatively low, Anopheles nuñeztovari is the vector species most frequently collected, followed by A. darlingi. 9 They have been collected from rain puddles, lakes, and fishponds. Vector control activities are intermittent, and at the local level the malaria control program is based on treatment of all malaria cases. The use of bed nets is high (68%, mainly untreated), and there are frequent visits to health posts for malaria diagnosis (85% of the people who had symptoms seek treatment in the public or private health sector). 9 Nevertheless, self-medication is known to occur and both chloroquine and sulfadoxine-pyrimethamine are available over the counter in local pharmacies.
Study design and procedures. The study was a facilitybased case-control study. Cases were drawn from a malaria survey conducted in all four public and nine private health posts where malaria diagnosis was done in town, and stratified by health post to one control per case. Cases consisted of any person with a positive thick blood smear (regardless of parasite species), diagnosed between March 27 and July 27, 2001. Cases detected at the army and police clinics, a laboratory of an indigenous organization, and a temporary laboratory set up to take samples from displaced members of the population were considered to be so highly selected for the variables under study (e.g., high mobility or living outside town) that they were not included in the study.
Controls were randomly selected among individuals who visited a general practitioner in the same health facility where cases were detected, during the same period, but whose medical condition was not malaria. Individuals paying routine visits to the nurse or physician (e.g., for prenatal care, hypertension programs, etc.), or those who had had malaria or had taken antimalarial drugs in the previous month were excluded from the control group since these conditions were likely to affect their travel patterns and susceptibility to malaria. The number of controls in each health facility was matched to the number of cases on a weekly basis to adjust for seasonality of transmission.
Trained field workers interviewed cases and controls at the health facilities using a structured questionnaire. The questionnaire requested the patient's sociodemographic information, use of protective measures, malaria-related information, place of residence, and, if a resident of Quibdo, their history of traveling outside town within the preceding 12 months before disease onset.
Written informed consent was obtained from all participants. The project was reviewed and approved by the Ethical Committees of the International Center for Medical Research and Training in Colombia and the London School of Hygiene and Tropical Medicine in the United Kingdom.
Definition of traveling periods. The date of disease onset, the date of arrival, and the length of the stay in the places to which residents of the town of Quibdo had traveled before disease onset were used to derive a more detailed history of traveling in both cases and controls. For controls, there is, by definition, no date of malaria onset to which travel can be related. Moreover, since it is not an individually matched study, no particular case can be used to obtain such a date for each control. Therefore, a date was allocated by drawing a list of random numbers (STATA 7; Stata Corporation, College Station, TX) following a Poisson distribution, with mean equal to the duration of symptoms in the cases. This number was subtracted from the control's date of interview to generate a date of onset for each control.
The periods before disease onset in which individuals stayed outside Quibdo town were divided into intervals of one week during the first month (1-7, 8-14, 15-21, and 22-30 days), and then, in periods from 31 to 90, 91 to 180, and 181 to 365 days before disease onset. Each time interval was included as a single variable with the following code: 0 ‫ס‬ did not stay outside during this time interval, 1 ‫ס‬ stayed outside in a malaria-endemic area for at least one night during this time interval, and 2 ‫ס‬ stayed outside in a non-endemic malaria area during this time interval. People staying outside Quibdo town in more than one period were included for all the corresponding intervals of time.
Data analysis. A descriptive analysis of cases and controls by health post was conducted, followed by univariate and multivariate analyses of risk factors for malaria. The odds ratios (ORs) and 95% confidence intervals (CIs) for the risk factors for malaria were calculated by unconditional logistic regression models and stratified by health posts. For multivariate analyses, the models were fitted including all the explanatory variables and subsequently dropping them one by one. The final model was chosen with those variables that had a P < 0.1 in the likelihood ratio test. However, occupation was not included in the final model because by definition it was associated with age (i.e., child was a category of occupation). For Plasmodium falciparum, an interaction between sex and health post was detected, and this interaction was included in the final logistic regression model.
Analyses were subdivided into P. falciparum and P. vivax because differences in the biology of Plasmodium species (such as the potential for relapses in P. vivax but not P. falciparum) meant that risk factors were expected to differ. Mixed P. falciparum and P. vivax infections were included in both species analyses.
The risk of malaria for those residents who stayed outside Quibdo town in an endemic area before disease onset was calculated based on a time interval of 8-14 days. This was chosen because it covers the typical incubation period for P. falciparum malaria (9-14 days). 10 The adjusted population attributable risk of traveling to an endemic area in the 8-14 days before disease onset was calculated from each of the final logistic regression models for P. falciparum and P. vivax, according to Bruzzi and others. 11 The relationship between malaria and traveling at time periods other than 8-14 days was explored by first restricting the analysis to cases and controls who had not stayed outside the town of Quibdo in an endemic area in the 8-14-day period before disease onset, and subsequently, to cases and controls who had not traveled to a malaria-endemic area at time intervals that showed a statistically significant association in the first analysis. The OR for time intervals of travel was each calculated in a separate model. The final logistic regression models used in the analysis of risk factors for P. falciparum and P. vivax were used. Each adjusted OR indicates the risk of malaria in those traveling to an endemic area at that time interval using the risk in those not traveling at that time interval as the baseline. Since individuals can have multiple travel episodes, these analyses were indirectly adjusted for frequency of traveling. The ratios in this study were compared using the Wald test. P values <0.05 were considered statistically significant.
RESULTS
During the study, 1,012 cases were diagnosed in the surveyed health facilities, from which 826 (82%) were recruited. Seven hundred eighty controls were interviewed, but 10 were excluded because of a history of antimalarial drug use or a TRAVEL HISTORIES AS RISK FACTORS IN URBAN MALARIA microscopically confirmed malaria episode in the previous month. Analyses of risk factors for malaria in 929 (395 cases and 534 controls) residents of Quibdo were carried out.
Analysis in residents of Quibdo town. In residents of Quibdo town, 285 (72%) cases were due to P. falciparum alone, 94 (24%) to P. vivax alone, and 16 (4%) to mixed (P. falciparum plus P. vivax) infections. The majority of cases (72.8%) and controls (97.2%) had not traveled to any place outside Quibdo town in the 8-14 days before disease onset. However, the frequency of traveling outside Quibdo to a malaria-endemic area in that period was much higher among cases (26.4%) than controls (1.7%). Six controls (1.1%) and 3 cases (0.8%) had traveled outside Quibdo but to an area non-endemic for malaria.
For P. falciparum, initial analyses showed that staying outside Quibdo town in a malaria-endemic area during the 8-14 days before disease onset was the strongest risk factor (OR ‫ס‬ 26.6, 95% CI ‫ס‬ 13.15-53.73) ( Table 1 ). In the adjusted model the association between P. falciparum malaria and staying outside Quibdo in an endemic area during the 8-14 days before disease onset remained very strong (OR ‫ס‬ 29, 95% CI ‫ס‬ 14-60.32). Similarly, age (5-14 years old), male sex, a history of a malaria case at home in the previous month, and failure to use protection against mosquitoes continued to be positively associated with P. falciparum, while being Ն60 years old remained a protective factor. In contrast, a history of a malaria episode in the previous year was no longer statistically significantly associated with P. falciparum malaria (Table 1) Table 2 shows that for P. falciparum, individuals who traveled at 1-7, 15-21, or 22-30 days before disease onset had an increased risk of malaria. Table 2 also shows the adjusted OR for each other period of traveling before disease onset and P. falciparum malaria when the analysis was restricted to individuals who had not traveled in different periods. Traveling in the 1-7 days before disease onset was an important risk factor even when the analysis was restricted to those individuals who did not travel in the period 8-30 days before disease onset. A slightly increased risk of malaria was observed among those individuals who traveled in the period 22-30 days but had stayed in the town for the period 1-21 days before disease onset. However, this risk was no longer statistically significant, probably due to the small numbers of individuals who traveled. Approximately half of those away from Quibdo in the fourth week before illness were also away in the third week, which contributes to the small number of only fourth week travelers.
Based on these results, including all cases and controls, the risk of P. falciparum malaria was calculated for those individuals who traveled between 1 and 21 days before disease onset (adjusted OR ‫ס‬ 24.15, 95% CI ‫ס‬ 14.1-41.2) and those who traveled in the period 1-30 days before disease onset (adjusted OR ‫ס‬ 21.32, 95% CI ‫.)5.5-8.21ס‬
For P. vivax, the risk of malaria was high in those individuals who traveled to an endemic area up to three months before disease onset. Traveling outside town in the period 91-180 days before disease onset or earlier was not a risk factor.
Risk of malaria according to area of residence. The risks of being diagnosed with P. falciparum and P. vivax malaria among residents of areas outside Quibdo were compared with those of residents of the urban area who had not traveled outside town in the 8-14 days before disease onset. For P. falciparum, the analysis was adjusted by age, sex, race, having had a malaria case at home in the previous month, protection against mosquitoes, and health post. A history of a malaria episode in the previous year was added to the final logistic regression model for P. vivax.
The risk of P. falciparum in both residents of rural areas of Quibdo municipality and other municipalities of Choco was higher than that of residents of Quibdo who had not traveled * Analysis was restricted to the group described. † The odds ratio (OR) was adjusted for age, sex, use of protection, history of malaria in the previous year, a malaria case at home in the previous month, health post, and the interaction between sex and health post. CI ‫ס‬ confidence interval.
to a malaria-endemic area. With respect to P. vivax, inhabitants of the rural areas of Quibdo did not show an increased risk, but residents of other municipalities did show an increased risk (Table 3) .
DISCUSSION
In this study, traveling outside town was identified as the strongest risk factor for malaria in the town of Quibdo. Temporary movements of residents of areas where malaria transmission exists to other endemic areas (usually with comparatively higher transmission intensity) has been associated with an increase in the risk of malaria in different scenarios. For example, a history of traveling was a risk factor for P. falciparum malaria in a refugee camp in Thailand, 12 and urban areas in Africa, 3, 4 and for both P. falciparum and P. vivax infections in rural settlements in Brazil and Colombia. 13, 14 Our results were comparable to those of Luo in 2000 in the highlands of China, where temporary migration was also the most important risk factor for both P. falciparum (adjusted rate ratio ‫ס‬ 15.7, 95% CI ‫ס‬ 8.7-28.3) and P. vivax (adjusted rate ratio ‫ס‬ 4.9, 95% CI ‫ס‬ 3.5-6.9) infections (Luo DP, unpublished data). Temporary migration in the cohort study of Luo was defined as staying outside the village of residence for at least one night, in an area considered of higher risk of malaria, during the seven months of the study. The definition of temporary migration in the study of Luo and the present study differ only in that we restricted our initial analysis to the 8-14 days period prior to disease onset. This interval was based on the typical incubation period of both P. falciparum and P. vivax, since the objective of our study was to identify those residents who were more likely to have acquired malaria outside town (inferred imported cases). However, when residents who had traveled to endemic areas in the 8-14-day period were excluded, the risk of P. falciparum malaria was also high among those who had traveled up to one month previously, and up to three months for P. vivax. The higher risk of infection in periods longer than 14 days could be explained by the longer incubation periods observed in both species, 10 and some P. vivax cases being relapses. We do not know of any reports of very short incubation periods (< 7 days) resulting from sporozoite infections. Thus, the higher risk of disease among those who traveled outside town 1-7 days prior to disease onset, but not 8-30 days before, is probably the result of patients reporting only the most recent trip but not previous ones (when they might have been exposed), or inaccurate disease onset or traveling dates. The nature of the case-control study did not allow us to validate the dates reported by the patients, for which a cohort study would be required. In the meantime, self-defined traveling to an endemic area 1-21 days or 1-30 days prior to disease onset rather than the dates covering the typical incubation period for malaria (8-14 days) seems to be a good indicator of malaria risk among local residents and could be a suitable definition of imported cases in residents of Quibdo. Asking patients whether they have been in a malaria-endemic area outside town in the month before disease onset would be relatively easy to apply when defining imported malaria in the field.
With respect to malaria control, it would be expected that targeting prevention measures to residents who travel to endemic areas outside town could considerably reduce malaria incidence (mainly P. falciparum) among inhabitants of Quibdo. Use of protection measures (mainly bed nets) reduced the risk of P. falciparum in residents, which suggests that this is a worthwhile control measure for the study area. The ownership of bed nets (mainly untreated with insecticide) is relatively high in Quibdo town (more than 60%), so the local authorities may consider strategies to improve their use and coverage, and to encourage insecticide impregnation. The lack of a protective effect of bed nets in P. vivax malaria is a common finding, usually attributable to the presence of relapses. 15 The history of a malaria case at home as a risk factor for malaria could indicate susceptibility among inhabitants of the same household. This susceptibility might be genetic, behavioral, or sociodemographically determined. 16 The highest risk of malaria being in children 5-14 years old, together with the protective effect of being Ն60 years old, suggests that residents of Quibdo town are able to eventually develop some degree of acquired immunity, in spite of the low intensity of transmission.
The relationship between ethnic group and P. vivax, but not P. falciparum, is most likely explained by the rarity of Duffy antigen among the black community in Quibdo town. Similarly, the ability of P. vivax to relapse is the most likely reason for the association between history of malaria in the previous year and risk of infection with this species.
Residents of areas outside the town had a higher risk of being diagnosed with P. falciparum malaria in the health facilities of Quibdo than local residents who did not travel 8-14 days before disease onset. For P. vivax, this risk was higher only for residents of other municipalities of Choco. The variations in the risk of malaria with place of residence are probably related to the risk of infection by each species in the different municipalities in Choco. Similar results were reported by Lansang and others 17 in a low-intensity transmission area in The Philippines, and by Fungladda and others 18 in Thailand. In the former study, the risk of a positive blood slide was strongly correlated with the level of transmission (measured by seroprevalence) in the area of residence (adjusted OR ‫ס‬ 5.18, 95% CI ‫ס‬ 3.49-7.68). Likewise, Fungladda and others found that individuals residing in forested areas were at a higher risk of malaria than those individuals who did not have contact with the forest (adjusted OR ‫ס‬ 10.25, 95% CI ‫ס‬ 6.28-16.74). In spite of a similar study design, the ORs found in our study were lower than those * The odds ratio (OR) adjusted for age, sex, race, use of protection against mosquitoes, having had a malaria case at home in the previus month, and health post.
† The OR adjusted for age, sex, race, use of protection against mosquitoes, having had a malaria case at home in the previous month, a history of a malaria episode in the previous year, and health post.
reported in Thailand, but the detailed epidemiology of the areas differs and residents of Quibdo are also exposed to some local malaria transmission that could partly explain this difference. Direct measurements of the risk of malaria in areas outside Quibdo would have been ideal, but it could not be conducted due to security reasons.
Since it appears that in Quibdo most (>80%) people who experience malaria symptoms seek treatment in a public or private clinic, 9 the selection of cases in health posts is likely to include most cases detected in the area. However, a proportion of cases inevitably remain undetected. Active search for febrile individuals in the community could have been conducted to detect these cases, but the large size of the area (population > 90,000) and the relatively low incidence of malaria made active case detection impracticable. The sensitivity in the detection of cases depends on the method of diagnosis, which in the case of malaria (thick blood smear) relies very much on the expertise of the technician. All the health workers who examined the thick blood smears had several years of experience and were under constant supervision by the local reference laboratory. Quality control of malaria diagnosis is routinely performed in most municipalities in Colombia (including Quibdo), and a recent study shows that the overall performance of diagnosis in the country is of a high standard (kappa index ‫ס‬ 0.84). 19 Nevertheless, errors cannot be avoided completely, either in the diagnosis of cases or in the classification of parasite species.
For studying population movement, a clear definition of the spatial and temporal boundaries is required. In this study, the spatial scale was set as the urban area of Quibdo (defined in a map of the area), and the temporal scale as all movements of at least one day in the year prior to disease onset. Shorter movements during daylight (especially those at dawn when the mosquito is active), or to the forest surrounding the urban area, may also carry a risk but were not included in the study. Exposure was defined as traveling outside Quibdo to or living in, an endemic area. The endemic and non-endemic areas were classified based on the reports to the malaria control program, but two factors could affect the sensitivity of this definition. First, the intensity of malaria transmission may vary over time, and thus the risk of infection. Second, malaria transmission is highly focal 16 and patients may have visited a village where there was no transmission, although the municipality to which that village belonged had been classified as endemic based on the transmission in other villages. Nevertheless, the conditions for malaria transmission exist in most of the department of Choco and the risk of malaria is believed to be higher than in Quibdo.
As previously mentioned, validation of movement is not feasible in case-control studies. Information bias can occur if cases or controls do not want to report their movements (for example those related to illegal activities). We did not notice this as a major problem but it cannot be ruled out. Patients were asked about their traveling patterns after they had received the diagnosis. The cases could have been motivated by the diagnosis to recall their movements. However, the control group was also under similar circumstances when they were interviewed (i.e., attending a clinic), and this minimizes the chances of recall bias.
In conclusion, traveling outside the urban area was the strongest risk factor for malaria among inhabitants of the town of Quibdo. The results are useful for the development of a definition of imported and autochthonous malaria. With this definition, malaria cases diagnosed in Quibdo can be usefully classified into autochthonous and imported, thereby allowing the urban malaria to be monitored and methods of prevention and control to be assessed.
